Various extracts of aerial parts of Varthemia (Varthemia iphionoides Boiss) were investigated for radicalscavenging activity, antioxidative activity, and porcine pancreas -amylase inhibitory activity. The ethanol and water extracts showed a pronounced 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity, with inhibition of about 90% at a concentration of 100 g/ ml, and -amylase inhibitory activity of about 70% at a concentration of 200 g/ml by the 2-chloro-4-nitrophenyl -maltotrioside (CNP-G 3 ) degradation method. The ethanol extract was purified by column chromatography to give seven 3-methoxyflavones (1-7) and eudesmane sesquiterpene, selina-4,11(13)-dien-3-on-12-oic acid (8). The structures of these compounds were established by NMR, MS, and UV spectroscopy. Of 3-methoxyflavones, 5,7,4 0 -trihydroxy-3,6-dimethoxyflavone (1), 5,7,4 0 -trihydroxy-3,3 0 -dimethoxyflavone (2), and 5,4 0 -dihydroxy-3,7,3 0 -trimethoxyflavone (3,7,3 0 -tri-O-methyl-quercetin) (7) exhibited pronounced radicalscavenging activity. The antioxidative activity in the linoleic acid system was considerable in compounds 1, 2, and 5,4 0 -dihydroxy-3,6,7-trimethoxyflavone (4). Compounds 1, 2, 4, 5 (5,7,4 0 -trihydroxy-3-methoxyflavone), and 6 (5,4 0 -dihydroxy-3,7-dimethoxyflavone) showed markedly high inhibitory activity against porcine pancreas -amylase. Eudesmane sesquiterpene did not show any activity.
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In recent years, much interest has been focused on biologically active compounds occurring in plants and herbs for their safety and effectiveness in prevention and/or treatment of human diseases. Demand for natural antioxidants has increased lately owing to the fact that synthetic antioxidants may be related to diseases such as atherosclerosis and cancer, and that their use is still a health concern. [1] [2] [3] [4] Flavonoids, which are widely distributed in the plant kingdom and are present in considerable amounts in fruits, vegetables, spices, medicinal herbs, and beverages, have been used to treat many human diseases such as diabetes, cancers, and coronary heart disease. 5, 6) Diabetic disease is increasing rapidly and consumes vast amounts of resources in all countries. The oxidative products, mainly the superoxide anion radical (O 2 À ), from diabetic monocytes during oxidative stress lead researchers to give more attention to the protective functions of naturally occurring antioxidants andamylase inhibitors in the cells of organisms containing them. 7) Varthemia (Varthemia iphionoides) is a wildly occurring herb in rocky habitats in the Mediterranean, SaharoArabian, and Irano-Turanian regions.
8) The aqueous extract of V. iphionoides is commonly used as a Jordanian folk-medicine for the treatment of gastrointestinal disorders and diabetes mellitus. 9, 10) In addition, it has an antispasmodic effect on the smooth muscles of rabbits, antiplatelet activity on human blood, antibacterial activity against certain food pathogens, [11] [12] [13] and a lowering effect on the blood glucose level in hyperglycemic rats, 10) but its radical-scavenging and antioxidative activities have not been reported. The aim of this study was to evaluate the radical-scavenging, antioxidative, and -amylase inhibitory activities of various extracts of this plant, to isolate and identify the y To whom correspondence should be addressed. Tel/Fax: +81-99-285-8637; E-mail: suganuma@chem.agri.kagoshima-u.ac.jp Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; CNP-G 3 , 2-chloro-4-nitrophenyl--maltotrioside; BHT, butylated hydroxytoluene {2,6-bis(1,1-dimethylethyl-4-methylphenol)}; ODS, octadecylsilyl silica gel; TLC, thin layer chromatography; EI-MS, electrospray ionization mass spectroscopy compounds with radical-scavenging activity, and to evaluate these activities of the isolated compounds for practical use as safe and natural antioxidants and antidiabetic preparations.
Materials and Methods
Melting points were determined with a micro melting point apparatus (Yanagimoto Seisakusho, Kyoto, Japan), and were uncorrected. UV spectra were taken on a Hitachi U-3310 spectrophotometer.
1 H NMR, 13 C NMR, DEPT, COSY, HMQC, and HMBC were measured at 600 MHz and 150 MHz at 27 C in pyridine-d 5 on a JEOL FX-600 spectrometer using standard pulse sequences and referenced to residual solvent signals. EI-MS was taken on a Thermo Finnigan MAT 900 XL (Bremen, Germany) instrument at 70 eV.
Silica gel 60 (0.063-0.200 mm Merck, Tokyo) was used in silica gel column chromatography; ODS in gel chromatography; and silica gel 60 F 254 (Merck) in preparative and analytical TLC. Fluorescent spots under UV (254 and 366 nm) and colored spots after spraying with 10% sulfuric acid or 0.1% DPPH in methanol were observed on TLC chromatograms. DPPH, BHT, linoleic acid, the iodine-starch kit, and the solvents were of the highest analytical grade, purchased from Wako Pure Chemical Industries (Osaka, Japan). -Amylase (EC 3.2.1.1), type VI-B from porcine pancreas, was obtained from Sigma-Aldrich (Tokyo); CNP-G 3 from Oriental Yeast (Osaka, Japan); and Folin-Ciocalteau reagent from Nacalai Tesque (Kyoto, Japan). Determination of phenolic compounds. Phenolic compounds in the extracts were determined by the Singelton method. 14) Catechol was used as the standard for a calibration curve. The content of phenolic compounds (mg/g extract) was obtained from the calibration curve and expressed in catechol equivalent.
Determination of radical-scavenging activity. The DPPH radical-scavenging activity of the extracts and the isolated compounds was assayed by a slight modification of Bloiss's method. 15) The reaction mixture consisted of 500 ml of 200 mg/ml methanolic solution of the extract or 500 ml of various concentrations of the isolated compound in methanol and 500 ml of 6 Â 10 À5 M DPPH in methanol. After the reaction, the mixture was allowed to stand at room temperature for 30 min, the absorbance at 517 nm was measured. The radical-scavenging activity (%) was calculated as [(A{B)/C] Â 100, where A is the absorbance at 0 min of the reaction in the absence of the extract or the isolated compound, B is that at 30 min in its presence, and C is that at 30 min in its absence.
Determination of antioxidative activity. The antioxidative activity of the isolated compounds was evaluated by a slight modification of Osawa's method. 16) A mixture containing 100 ml of 10 mg/ml methanolic solution of the isolated compound, 250 mg of linoleic acid, and 9 ml of 75% ethanol in a screw-caped test tube was brought to 10 ml with ethanol, and then kept at 55 C. The degree of linoleic acid peroxidation was followed by the thiocyanate method 17) every 24 h until the absorbance of the control reached its maximum value. The antioxidative activity (%) was calculated as [(A{B)/A] Â 100, where A is the absorbance in the absence of the isolated compound, and B is that in its presence.
Determination of -amylase inhibitory activity by iodine-starch assay. The inhibitory activity of the extracts and the isolated compounds against -amylase from porcine pancreas was assayed with an iodine-starch kit.
18) A 1.0 mg/ml methanolic solution (30 ml) of the extract or 500 mM methanolic solution of the isolated compound was mixed with 100 ml (400 mg/ml) of soluble starch substrate in phosphate buffer (0.25 M, pH 7.0). After 5 min of incubation at 37 C, 10 ml of 50 mg/ml solution of -amylase in phosphate buffer, pH 7.0, was added to the mixture, followed by the addition of 10 ml of 0.25 M phosphate buffer, pH 7.0. After the mixture was further incubated for 7.5 min, 100 ml of 0.01 N iodine solution and then 500 ml of distilled water were added, followed by measurement of the absorbance at 660 nm. The inhibitory activity (%) was calculated as [(A{B)/A] Â 100, where A is a decrease in the absorbance in the absence of the extract or the isolated compound, and B is that in its presence.
Determination of -amylase inhibitory activity by CNP-G 3 assay. The ability of porcine pancreasamylase to release 2-chloro-4-nitrophenol (CNP) from CNP-G 3 was measured with a slight modification of the methods described previously. 19) A reaction mixture (450 ml) consisting of 0.15 mM CNP-G 3 and 0.2 M potassium thiocyanate (KSCN) solution in 0.05 M phosphate buffer, pH 7.0, and 3.3 mg/ml (30 ml) methanolic solution of the extract or 100 mM methanolic solution of the isolated compound was pre-incubated for 5 min at 25 C, followed by the addition of 20 ml of freshly prepared -amylase solution (1 mg/ml) in phosphate buffer, pH 7.0. Liberation of CNP from CNP-G 3 was determined by measuring the increase in absorbance at 405 nm during the reaction. The inhibitory activity (%) was calculated as [(A{B)/A] Â 100, where A is the increase in absorbance during the reaction in the absence of the extract or the isolated compound, and B is that in its presence.
Preparation of extracts. Ground sun-dried aerial parts of V. iphionoides (800 g) were extracted successively with hexane, ethyl acetate, and ethanol at 60 C until the refluxed solvent became colorless. The extracts were separately evaporated to dryness at 35 C in a rotary vacuum evaporator (Eyela rotary evaporator NE-series, Tokyo). The yields were 3.1% (w/w) in the hexane extract, 3.6% in the ethyl acetate extract, and 2.4% in the ethanol extract.
The water extract was prepared as follows: The ground aerial parts of the plant (300 g) were extracted with boiling distilled water (1,500 ml) for 10 min with continuous stirring, and then left for 24 h at room temperature. The filtrate was evaporated to dryness under vacuum at 40 C on a rotary evaporator to give an 18.5% yield. For preparation of the chloroform extract, the plant (200 g) was soaked in chloroform (2,000 ml) at room temperature (25 C) for 5 d. The extract was evaporated to dryness as described above to give a 5.6% yield. All extracts were kept in a refrigerator.
Isolation. At all steps of the isolation of radicalscavengers, they were traced as colorless spots on a pink sheet of silica gel 60 F 254 after spraying with 0.1% DPPH methanolic solution. The ethanol extract (15 g), which showed pronounced DPPH radical-scavenging activity and -amylase inhibitory activity, was dissolved in chloroform and applied to a normal open column packed with 300 g of silica gel (first silica gel column chromatography). [17] [18] [19] showed potential DPPH radical-scavenging activity, and were further fractionated as described below.
Fractions 9-12 (2.6 g) were combined and subjected to an open column (second silica gel column chromatography) packed with silica gel using mixtures of benzene and acetone. Two hundred forty-five fractions (each 15 ml) were collected: fractions 1-49, benzene (100%); fractions 50-102, benzene/acetone (90:1); fractions 103-156, benzene/acetone (14:1); and fractions 157-245, benzene/acetone (9:2). Fractions giving similar TLC chromatograms were combined. Combined fractions 50-59 (1.2 g) were recrystallized from a mixture of hexane and EtOAc (1:1) to give colorless crystals, selina-4,11(13)-dien-3-on-12-oic acid (3-oxocostuic acid) (8, 870 mg). 13) Since fractions 60-65 and 66-75 showed DPPH radical-scavenging activity, fractions 60-65 (0.4 g) were subjected to ODS column and eluted with a mixture of water and methanol (1:1) to give two fractions with DPPH radical-scavenging activity. Recrystallization from a mixture of CHCl 3 and CH 3 OH (1:1) afforded pure compounds, 5,4 0 -dihydroxy-3,7-dimethoxyflavone (kumatakenin) (6, 40 mg), 20) from the first fraction, and 5,4
0 -dihydroxy-3,7,5 0 -trimethoxyflavone (pachypodol) (7, 6 mg) 20) from the second fraction.
Fractions 66-75 (0.
0 -hexamethoxyflavone(auranetin-5-methylether) (3, 12 mg) 21) from the first fraction and 5,4
0 -dihydroxy-3,6,7-trimethoxyflavone (4, 16 mg) 22) from the second fraction, respectively. 0 -trihydroxy-3,6-dimethoxyflavone (1, 50 mg) 22) and 5,7,4 0 -trihydroxy-3,3 0 -dimethoxyflavone (2, 21 mg) 20) respectively. Fractions 17-19 (0.8 g) of the first silica gel column chromatography were combined and further fractioned with a column packed with silica gel using mixtures of benzene and acetone. Fifty-seven fractions (10 ml each) were collected: fractions 1-11, benzene (100%); fractions 12-22, benzene/acetone (90:1); fractions 23-34, benzene/acetone (90:3); fractions 35-46, benzene/acetone (90:5); and fractions 47-57, benzene/acetone (9:1).
Fractions showing similar TLC chromatograms were combined as described above. Fractions 21-37 positive to DPPH radical scavenging activity were combined and subjected to preparative TLC with a solvent system of CHCl 3 :CH 3 OH:H 2 O (9:1:0.1). A zone with DPPH radical-scavenging activity was eluted with methanol. Subsequent recrystallization of the elute from a mixture of CHCl 3 and CH 3 OH (1:1) give a pure compound, 5,7,4 0 -trihydroxy-3-methoxyflavone (5, 70 mg). 
5,4
0 -dihydroxy-3,7,3 0 -trimethoxyflavone (7) 
Results and Discussion

Antioxidant and -amylase inhibitory activities of Varthemia extracts
The antioxidant activity of various extracts of this plant was measured by DPPH assay, which is widely used in determining the free radical-scavenging activity of various natural products. [23] [24] [25] The water and ethanol extracts showed markedly high activity with inhibition of about 90% at a concentration of 100 mg/ml, and it was considerably higher than that of BHT (Fig. 1) . Other extracts showed little activity. These results indicate that the water and ethanol extracts are applicable to practical uses as natural radical-scavengers.
In many studies of the DPPH radical-scavenging activity of plant extracts, the activity of the extracts is related to the content of phenolic compounds, 23, [26] [27] [28] and for that the relationship between the DPPH radicalscavenging activity and the content of phenolic compounds of various extracts of V. iphionoides is evaluated. The content of phenolic compounds is highest in the ethanol extract, as shown in Table 1 , followed by the water, ethyl acetate, chloroform, and hexane extracts in decreasing order. There is a correlation (R ¼ 0:83) between the content of phenolic compounds and DPPH radical-scavenging activity at a concentration of 100 mg/ ml, suggesting that the radical-scavenging activity of the extracts is due mainly to its content of phenolic compounds. Some phenolic compounds in sweet potato, strawberry, raspberry, olive leaf, pears, coca, and lentils are reported to be effective human -amylase inhibitors. 18, [29] [30] [31] In the present study, the porcine pancreas -amylase inhibitory activity of extracts of aerial parts of V. iphionoides was investigated, as shown in Table 1 . The ethanol and water extracts had a weak but substantial inhibitory effect on -amylase in the iodine-starch assay, whereas they had a pronounced effect with inhibition of about 70% at a concentration of 200 mg/ml in the CNP-G 3 assay. The different results of -amylase inhibition by the two methods might be attributable to the different substrates used.
Antioxidant activity of the isolated compounds
The ethanol extract, which showed the highest DPPH radical-scavenging activity, was further fractionated by a series of columns chromatography. Seven pure 3-methoxyflavones 1-7 ( Fig. 2) and inactive 3-oxocostuic acid were obtained. Their structures were determined by 1D-and 2D-NMR and DEPT. The EI-MS spectra showed molecular ion peaks corresponding to the given molecular formulas. Furthermore, the structures of 3-methoxylflavones were confirmed by direct comparison of NMR and mass spectral data with those reported in the literature. 13, [20] [21] [22] So far, compounds 6 and 8 have been isolated from V. iphionoides, 12, 13) but compounds 1-5 and 7 have not. Compounds 1, 2, and 7 showed great DPPH radical-scavenging activity, with inhibition of about 73, 78, and 60% respectively at a concentration of 200 mg/ml, but the other 3-methoxyflavones and 8 showed poor activity (Fig. 3) , but none of the tested 3-methoxyflavones was better than BHT as a radical scavenger at the same concentration. Compound (3) without 4
0 -OH and/or with many methoxyl substitutions had little effect on the free radical-scavenging activity. It is generally accepted that flavonoids with 4 0 -OH and the 2,3-double bond conjugated with the 4-keto group on the C-ring are essential for antioxidative activity. [32] [33] [34] Although the isolated compounds 4, 5, and 6 possessed these structural features they, like apigenin (5, 7, 4 0 -trihydroxy flavone), 34) showed poor activity. In addition to the features described above, the methoxyl group adjacent to the hydroxyl group on the A-or B-ring is probably important to the activity: 3 0 -OCH 3 adjacent to 4 0 OH in compounds 2 and 7; 6-OCH 3 adjacent to 7-OH in compound 1. Compound 4, in which 7-OH of compound 1 was methoxylated, showed appreciably lower activity than compound 1, supporting this idea.
In the linoleic acid system, the antioxidative activity was evaluated every 24 h over a period of 22 d. Figure 4 shows it on day 14 (the end of the propagation stage) at a concentration of 100 mg/ml. The inhibition activity was in decreasing order BHT > 2 > 1 > 4 > 5 > 7 > 3 > 6 > 8. Compounds 1, 2, and 4 showed significant inhibitory activity, with inhibition of about 54, 56, and 46% respectively. Although compounds 5-7 possessed some of the structural features needed for antioxidant activity, they unexpectedly showed low inhibition in linoleic acid oxidation. This can be explained by the partial oxidation of these compounds during incubation at 55 C.
34)
-Amylase inhibitory activity of the isolated compounds Compounds 1-8 were isolated with the guidance of DPPH radical-scavenging activity. Although otheramylase inhibitors probably exist in aerial parts of V. iphionoides, the inhibitory activity of these compounds was evaluated here. In the iodine-starch assay, the -amylase inhibitory activity of the isolated compounds ranged from 18 to 42% at a concentration of 500 mM in decreasing order 5 > 1 > 2 > 3 > 6 > 7 > 4 > 8 ( Table 2 ). In the CNP-G 3 method, the decreasing order of the inhibitory activity was 5 > 1 = 2 = 6 > 4 > 7 > 3 > 8. Compounds 1, 2, 5, and 6 almost completely inhibited -amylase at a concentration of 100 mM. These compounds have more than three hydroxyl groups. The activity of other compounds was in decreasing order 4 > 7 > 3. The ability of these flavonols to inhibit -amylase was related to the number of hydroxyl groups in the flavonol structure, which might cause conformational changes in the enzyme structure. 35) The different extent of -amylase inhibitory effect by the two methods might be related to the different oligosaccharide substrates used. The cleavage of short chain substrates, such as CNP-G 3 was decreased by inhibitory substances to larger extent than with longer chain substrates in the iodo-starch method, and this perhaps clarifies the complete inhibition of theamylase activity by the CNP-G 3 method even at a low concentration (100 mM).
In conclusion, this study indicates that ethanol and water extracts of aerial parts of Varthemia (Varthemia iphionoides) showed pronounced DPPH radical-scavenging activity and -amylase inhibitory activity. The content of phenolic compounds was highly related to DPPH radical-scavenging activity, suggesting that the radical-scavenging activity was due to phenolic compounds. Seven 3-methoxyflavones (1-7) and selina-4,11(13)-dien-3-on-12-oic acid (8) were obtained from the ethanol extract by column chromatography. Of 3-methoxyflavones, compounds 1, 2, and 7 exhibited a considerable radical-scavenging activity. Compounds 1, 2, 4, 5, and 6 showed markedly high inhibitory activity in the CNP-G 3 system against porcine pancreasamylase at a concentration of 100 mM. It is probable that some 3-methoxyflavones have a potential function in reducing the occurrence of diabetes and obesity. 
